Background: In this article, we report the evolution of treatment with increased use of active surveillance for stage I disease as well as risk-adapted chemotherapy for disseminated disease and associated outcomes of testicular seminoma in a contemporary population-based cohort.
introduction
Management of testicular germ cell tumors is undergoing a quiet evolution. The older paradigms of adjuvant therapies for patients with local disease, regional management for regional disease and inconsistent application of systemic therapy are being rapidly replaced. Much of this change has been spurred by the increased appreciation of short-and longterm effects of all treatment modalities and increased confidence in the cisplatin-based chemotherapy safety net. As well, 'personalized' therapy whereby patients receive defined amounts of treatment of their individual clinical situation has become an appropriate clinical objective. The cornerstones of modern management for testicular cancer are well developed in various guidelines but are just beginning to fully penetrate care pathways in the United States and elsewhere. These cornerstones include a strong move to minimize adjuvant treatments in clinical stage (CS) I disease, minimize regional therapies such as surgery or radiation (RT) therapy as primary management of CSII disease by early utilization of systemic chemotherapy, stringent application of risk-adapted cisplatin, etoposide and bleomycin (BEP) as the systemic therapy and, importantly, centralized coordination of care and specialized technologies sometimes required in patients such as postchemotherapy retroperitoneal lymphadenectomy, radiotherapy or salvage chemotherapy.
In testicular nonseminoma, these modern principles have been validated and the algorithm of care generally embraced with excellent outcomes and cure rates in excess of 95% for CSII and 80%-85% for advanced metastatic nonseminoma patients [1] [2] [3] [4] . With central coordination of care and specialized services, these simplified management algorithms can be applied successfully across large populations and vast geographies.
Testicular seminoma is marked by less aggressive biological behavior and outstanding chemotherapy and RT sensitivity. Approximately 85% of testicular seminoma patients present with CSI disease and only 15% of these patients relapse after orchiectomy [5, 6] . Cure rates for seminoma have approached 100% for CSI disease for several decades, exceeded 90% for good-risk regional disease and 75%-80% for those rare patients with disseminated disease [4, 6] .
The principles of modern management of seminoma are nearly identical to those of nonseminoma. The majority of CSI patients will not require any therapy after orchiectomy, making any adjuvant treatment a substantially less attractive option. Although regional therapeutic RT is curative for 80%-90% of low and modest volume CSII patients, it is associated with substantial late effects and does not reliably cure all of these patients. However, metastatic disease is exquisitely sensitive to chemotherapy, almost always is of favorable prognosis amenable to three cycles of BEP and almost always chemotherapy prevents a second relapse of the disease and the necessity of additional therapy.
In this article, we describe clinical outcomes with progressive incorporation of these cornerstones of management over the last decade in a centrally managed, large population-based experience with testicular seminoma.
materials and methods
All patients with histologically confirmed pure seminoma referred from 1999 to 2008 to the British Columbia Cancer Agency (BCCA; British Columbia, Canada) as well as through the Oregon Testis Cancer Program (Portland, Oregon) were retrospectively reviewed.
The study was approved by the respective ethics boards of the participating centers.
The BCCA with its four cancer centers and 18 to 20 genitourinary medical and RT oncologists is involved in the management of 90% of all testicular cancer cases in British Columbia. Over 80% of Oregon State's testicular cancer patients are seen and managed by a single provider (Providence Health Care/CRN). Over the past decade, surveillance has been increasingly utilized as the preferred treatment option for all patients with CSI seminoma irrespective of risk status. As well, primary International Germ Cell Cancer Collaborative Group (IGCCCG) classification risk-stratified chemotherapy has been progressively utilized for regional disease and disseminated disease [7] . Initial staging after orchiectomy included computed tomographic (CT) scans of the abdomen, CT scan or X-ray of the chest and tumor markers a-fetoprotein, human chorionic gonadotropin and lactate dehydrogenase. Normal chest and abdominopelvic imaging were required as the criteria of CSI. Metastatic disease was classified according to the IGCCCG as well as the tumor-node-metastasis/International Union Against Cancer classification.
Patients with CSI disease were informed about all their treatment options including adjuvant RT, surveillance and, as of 2005, adjuvant carboplatin [8, 9] . Adjuvant chemotherapy consisted of one to two cycles of singleagent carboplatin at a dose of area under the curve 7 [8, 9] . Adjuvant RT consisted of 25 Gy in 15 fractions over 3 weeks with anterior to posterior parallel pair technique using megavoltage photons. Fields were usually restricted to the paraaortic chain (i.e. T10/T11 interspace to the L5/S1 interspace). Paraaortic and ipsilateral pelvic treatment was used only on rare occasion [1] .
Patients with metastatic disease received a treatment recommendation for either RT (stage IIA/B only) or cisplatin-based chemotherapy based on the IGCCCG classification as their primary treatment modality. Good prognosis disease patients received three cycles of BEP or four cycles of etoposide/cisplatin (EP). Patients with intermediate prognosis received primarily four cycles of BEP. CSII seminoma patients who received RT were usually treated with 35 Gy in 20-25 fractions with standard paraaortic and ipsilateral pelvic techniques [4] . Twenty-five gray was delivered to the paraaortic and ipsilateral pelvic lymph nodes in 15-20 fractions over 3-4 weeks with anterior to posterior parallel pair technique using megavoltage photons. Subsequently, a boost of 10 Gy in five fractions was given to the nodal mass with a margin using an anterior to posterior parallel pair technique.
Patient data including demographics, pathology, stage, management, response data and follow-up were abstracted from the charts.
Follow-up was done according to institutional policy including chest Xrays, CT scans of abdomen/pelvis and tumor markers. Management of CSI seminoma generally included two to six CT scans over the first 3 years for patients receiving carboplatin or surveillance with no or very few CT scans for patients receiving primary RT. Utilization of CT scans and positron emission tomography scans for patients treated definitively with chemotherapy was sparse and primarily reserved for patients with significant residual disease.
If patients had been discharged from the center, current status was obtained through contact with the primary care physician or local oncologist.
Relapse-free as well as disease-specific survival intervals were measured from the date of orchiectomy to date of relapse and date of death from seminoma or last contact, respectively. Median follow-up was calculated from the date of orchiectomy to date of death or last follow-up. Comparisons between treatment groups were made using chi-square test for categorical variables and Student's t-test for continuous variables. A P value of £0.05 was considered significant.
The relationship between treatment-year and management was assessed by linear regression of treatment-year versus proportion of cases treated with a particular treatment. All statistical analysis was carried out using SPSS Statistical Software.
Relapse-free survival and overall survival rates were calculated using the Kaplan-Meier method and compared using log-rank test.
results
From 1999 to 2008, 649 patients with seminomas were treated at our two institutions. All patients were included in this analysis and represent an unselected population. The vast majority of patients presented with CSI disease [n = 545 (84%)]. Metastatic disease at initial presentation was diagnosed in 104 (16%) patients, with 87 (13%) having CSII and 17 (3%) CSIII disease. Overall survival was excellent. After a median follow-up of 44 months (range 2-130) for all patients, 640 patients (99%) are alive and no patient has died of seminoma.
stage I
Three hundred and thirteen patients underwent active surveillance, 159 adjuvant RT and 73 patients adjuvant carboplatin therapy (Table 1) . For completeness, Table 1 also shows the distribution of and differences in previously proposed prognostic factors such as tumor size and rete testis invasion in the respective management groups, although these factors could not be confirmed in an independent validation analysis and thus should not be used in clinical practice [10, 11] . The use of adjuvant RT has sharply declined over time, while active surveillance has become the preferred treatment option over the last years (P = 0.00002) (Figure 1 ). Adjuvant carboplatin has replaced RT as treatment of those few patients deciding on active treatments. The 5-year relapse-free survival rates were 80.7%, 98% and 98% of patients receiving active surveillance, adjuvant RT or One patient was diagnosed with good-risk disease but delayed treatment until progression to intermediate-risk disease. b There were two additional patients with synchronous bilateral primaries and four patients who were included in the study for a second primary after successful therapy for a previous primary. c (1· supraclavicular lymph node, 1· abdominal relapse but outside of the RT field and 1· location unknown).
CT, computed tomography; DOD, dead of disease; LN, lymph nodes; RPLND, retroperitoneal lymph node dissection; RT, radiation; supracl., supraclavicular.
original article adjuvant carboplatin, respectively (see Figure 2) . Median time to relapse was 14 (3-36) months. Of the 47 total relapses, eight (15%) of these patients relapsed beyond 2 years but, to date, none beyond 3 years. All patients relapsed with IGCCCG good prognosis disease, but one patient refused treatment until he developed liver metastases and received four cycles of chemotherapy for intermediate-risk disease. The majority (68%) of patients who relapsed on surveillance received chemotherapy, and all were cured. Of the 15 patients treated with radiotherapy at relapse, 3 patients had a second relapse but were successfully salvaged with chemotherapy.
The five patients recurring after adjuvant treatment relapsed with either retroperitoneal lymph nodes >5 cm (one carboplatin patient after 20 months) or good-risk CSIII disease (four adjuvant RT patients at 9, 14, 15 and 25 months). All of these five patients were successfully salvaged (Table 1) .
Overall, one patient died of a squamous cell carcinoma of the esophagus, which had initially been diagnosed before his seminoma and another patient from a primitive neuroectodermal tumor. One patient committed suicide. Disease-specific survival for all CSI patients is 100%.
regional or disseminated disease
Only 104 (16%) of all seminoma patients presented with metastatic disease, with the majority having CSII and/or good prognosis disease (Table 2 ). Initial treatment of CSII consisted of combination chemotherapy in 75% of patients, while RT was used in 22%. All patients with CSIII seminoma underwent chemotherapy as initial therapy. The use of primary chemotherapy for CSII seminoma rose steadily over time, while the use of RT continuously decreased over the same time period ( Figure 3 ) (P = 0.043).
Response to treatment was excellent and only three patients received additional treatment of their residual lesion ( Table 2 ). The 5-year actuarial relapse-free survival was 94% for all CSII seminomas, 91.7% for those treated with RT and 95.5% for those treated with CT. Overall, five CSII patients recurred after first-line therapy, all within 3 years after first-line therapy. Three of those had previously received primary RT. All but one relapsed patients received salvage chemotherapy and are continuously disease free. After a median follow-up of 46 (range 2-110) months, no patient has died of seminoma. Actuarial 5-year overall survival rate was 90.7% for CT and 92.3% for RT (P = 0.67) ( Table 3) . Three patients died during chemotherapy. One patient suffered a massive stroke after cycle 2 of BEP, in the presence of a previously undiagnosed patent foramen ovale and absence of any other thrombosis. The second patient died of a hyperosmolar syndrome secondary to previously undiagnosed diabetes after cycle 2 of BEP and the third patient due to renal failure during high-dose chemotherapy. There were no bleomycin-related hospitalizations or deaths. Two patients died of lung cancer, one 5 years after RT for a stage IIB seminoma and the other 2 years after four cycles of EP for stage IIB seminoma. Both patients had been heavy smokers for many years. One patient died disease free from unknown reasons 10 months after completion of chemotherapy.
discussion
The comprehensive results of our large modern series of unselected patients with testicular seminoma are noteworthy. Among this population that included over 100 patients presenting with more advanced disease, none of our 649 patients died of progressive seminoma and the overall death rate from disease or treatment was 1%. This represents the largest reported modern experience of global results in testicular seminoma with excellent outcomes. What is most notable, in our view, is that these results were not achieved with breakthrough technologies, particularly clever thinking by the investigators or at a single academic institution with selected patients. These results were achieved with progressive broad application of emerging and simple principles in management of germ cell tumors; progressive system-wide adoption of a standard of active surveillance of all CSI patients, relying on the effectiveness of combination chemotherapy, centralized coordination of care and specialized technologies, elimination of dual therapies and early institution of definitive therapy when required. With a cause-specific survival rate of 100%, the question has become not 'how can the disease be cured?' but rather 'how can we retain this excellent cure rate at the least risk of short-and long-term consequences?'
Evolution of care to our current algorithm has almost completely eliminated RT largely due to concerns regarding overtreatment and associated long-term side-effects as well as almost all adjuvant chemotherapy, which results in early definitive treatment of only those patients demonstrating they require treatment. Only a very small proportion of patients favored adjuvant treatment. As expected, adjuvant therapy prevented most of the anticipated relapses, but not all. Followup on the small number of carboplatin-treated patients in particular is too short to ascertain effectiveness and long-term side-effects and this study should not be interpreted as attempting to validate any relative benefit of carboplatin compared with RT therapy. The primary issue which remains is that adjuvant therapy does not improve cure rate and, in absence of reliable prognostic markers, subjects 85% of patients with CSI seminoma to unnecessary treatment and toxicity. Risk-adapted approaches are impossible due to the lack of an independently validated prognostic classification [10, 11] .
Currently, within our consortium 80% of patients presenting with CSI seminoma receive active surveillance. There was a statistically significant increase in the use of surveillance from a level of 10% in British Columbia in the early 1990s [12] . Of our 313 CSI patients managed with active surveillance, we have seen the expected relapse rate of 15% with no deaths related to treatment or disease. Our modern results of surveillance for CSI patients are consistent with the experience of other series from Europe and Canada [6, 13] and support their recent consensus statements favoring nonrisk-adapted active surveillance for all CSI seminoma [1, 10, 14] .
The majority of relapsed CSI patients (75%) were treated with combination chemotherapy even for low-bulk disease. Therapy, if required, was well tolerated and there were no serious complications of treatment. Results were definitive and predictable and no relapsed CSI patient has recurred after IGCCCG guided chemotherapy.
Our approach and the European and Canadian consensus guidelines are somewhat in contrast to the patterns of care for such patients in other geographies in the United States. Many Concerns regarding a global surveillance policy for CSI seminoma include the issue of compliance with a demanding follow-up schedule, health effects and cost of frequent CT scans and risk of late relapse at time points beyond a confined observation period (usually beyond 5 years). In many regards, our and other reports address these issues. In this and almost all series of surveillance, cause-specific survival is 100% and patients relapsing at any time point almost always relapse with a favorable pattern of disease amenable to focal RT or cisplatinbased chemotherapy. Thus, compliance and patient education across large and diverse populations appears to be sufficient to preclude frequent presentations with large volume, difficult to cure seminoma. Second, while clearly a potential problem, late recurrence of seminoma is still very rare [13] . When it does occur, patients are very consistently cured, particularly if they are treatment naive. It also should be emphasized that rare late recurrences occur in patients on surveillance as well as those who have received active adjuvant interventions and early treatment does not guarantee that early or late recurrences will not occur or that continued compliance is not important.
The issue of cost and potential toxicity of frequent CT scans is real [15] . Current and future investigations have to refine the suggested schedule of follow-up and match the schedule more precisely with the periods of highest risk. Ongoing approaches include reduction in CT schedule, utilizing low-RT CT-scanning techniques and interspersing magnetic resonance imaging or ultrasound with CT in follow-up. In addition, the identification of reliable molecular or genetic prognostic markers may lead to a reduced schedule of observation for very low-risk patients or adjuvant treatments for patients at very high risk of recurrence.
Our results also demonstrate that patients with metastatic seminoma are rare, are mostly diagnosed with early metastatic disease and have an excellent outcome with chemotherapy. The relapse rate after primary combination chemotherapy for regional or disseminated seminoma is exceedingly small [2 of 129 (2%) in our series] and very few patients received additional RT therapy, surgery or subsequent chemotherapy. Three cycles of BEP have increasingly replaced RT therapy for CSII disease due to concerns regarding long-term complications, in particular secondary malignancies and cardiac complications [16] [17] [18] [19] [20] . Of note, two unusual deaths occurred in our patient population, both in patients with significant previously undiagnosed predisposing comorbidities. Long-term complications after cisplatin-based combination are well described in the literature, but most commonly occur with more extensive regimens and those patients who have received dual or repeat therapy [21] . Nearly all patients receiving chemotherapy in our series received either only three courses of BEP or four courses of EP and thus avoiding large cumulative doses of cisplatin, etoposide or bleomycin more frequently associated with long-term complications. Our current treatment algorithm that utilizes surveillance for all CSI patients and chemotherapy only for disseminated disease has almost completely eliminated patients receiving dual therapies.
We have irrevocably entered an era of minimizing therapy for testicular seminoma, the most common subtype of testicular cancer. Early-stage patients are reliably cured without adjuvant therapies. Given the low overall risk of relapse with CSI seminoma, the lack of prospectively validated markers to identify a high-risk population [6, 10, 11] and the potential for late toxicity with radiotherapy and carboplatin, active surveillance with treatment at relapse appropriate to the clinical setting is the emerging standard of care for CSI seminoma. With adherence to existing and evolving guidelines and centralized coordination of care, such an approach can be delivered across the spectrum of medical care delivery systems and be carried out reliably at a variety of community settings. IGCCCG stage-adapted BEP chemotherapy is now widely used and largely has replaced RT therapy as the treatment of choice for regional or disseminated seminoma minimizing the number of patients requiring dual therapy. 
